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During childhood and adolescence, periods of rapid
physical growth, neurocognitive development, sexual ma-
turity, and the evolving dynamics in parent-child respon-
sibilities present unique features and challenges to type 1
diabetes care in youth. Recent data from the T1D Exchange
clinic registry indicate that only 14% of children and ad-
olescents attained the current American Diabetes Associ-
ation (ADA) A1C goal of <7% (1-3), and only 17% achieved
the ADA’s former AIC goal of <7.5% (2). Furthermore, mean
AIC across all age-groups in the TiD Exchange registry
worsened over time (from 2010-2012 to 2016—2018), with the
highest increase in mean AIC noted in adolescents and
young adults. Toddlers and young children comprise an-
other high-risk age-group, and blinded continuous glucose
monitoring (CGM) data indicate that they spend more than
half of each day in a hyperglycemic range (55% of time >180
mg/dL and 30% of time >250 mg/dL), with substantial
glycemic variability (4).

Real-time CGM (rtCGM) and intermittently scanned CGM
(isCGM) systems have emerged as tools that provide ex-
tensive data on an individual’s glycemic profile and the
possible factors influencing it. CGM systems are minimally
invasive devices with subcutaneous sensors that measure
interstitial fluid glucose values approximately every 5
minutes, send personalized alerts, and provide information
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on the rate of change of glucose values, indicated by trend
arrows. At the time of this writing, the three systems most
recently approved by the U.S. Food and Drug Adminis-
tration for use in youth are the Dexcom G6, Medtronic
Guardian 3, and Abbott Freestyle Libre 2 (Table 1).

The prevalence of CGM use has increased across all ages in
recent years, with the most significant uptake (greater than
10-fold increase) in young children (2). Advances in CGM
technology, including higher sensor accuracy rates, en-
hanced wearability, decreased requirements for calibration,
and options for data-sharing, have led to better user ex-
periences. Improved patient-reported outcomes in tech-
nology satisfaction and burden of use have been noted
when comparing recent data from the CITY (CGM Inter-
vention in Teens and Young Adults with Type 1 Diabetes)
study group (3) with previous data from the JDRF CGM
study group from >10 years ago (5).

Given the increased utilization of CGM in recent years and
the limitations of A1C in detecting glycemic patterns, there
has been a push toward adopting newer CGM-derived
glucose metrics to evaluate glycemic control. These met-
rics include time in range (TIR), time below range (TBR),
time above range (TAR), and coefficient of variation (%CV)
(Figure 1). This effort has assumed greater importance in
this era of the COVID-19 pandemic, when patients are in-
creasingly being seen via telehealth and may not have their
A1C checked regularly.
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Beyond A1C: Time in Range and Other Metrics

Diabetes management can be quite challenging across the
pediatric age spectrum for various reasons.

Toddlers and young children are almost entirely dependent
on caregivers for their diabetes management and have
many unique challenges that predispose them to wide
glycemic variability and potential variations in daytime-to-
nighttime TIR (with lower daytime TIR) (4,6,7). Young
children with type 1 diabetes tend to be picky eaters and
often have unpredictable appetites, with frequent snacking
or “grazing” behaviors, which makes the timing of insulin
delivery and assessment of preprandial glucose levels dif-
ficult (8,9). They have random physical activity patterns and
are susceptible to frequent intercurrent illnesses (6). Young

children have variable insulin sensitivity resulting in un-
predictable long-acting basal insulin action and require
unique considerations and attention to their basal-bolus
regimen (6,10,11). Moreover, behavioral attributes such as
inability to articulate hypoglycemia symptoms (12,13) and
parental fear of hypoglycemia, a commonly reported
concern in this age-group particularly at night (14), could
lead to overcompensation with hypoglycemia avoidance
behaviors (15).

On the other hand, adolescents and young adults go
through a challenging developmental stage that may ex-
plain their tendency to have the highest mean AIC and
highest diabetic ketoacidosis rates among all age-groups (2).
This stage is a time of turbulent change, with increasing
autonomy, academic expectations, and shifting responsi-
bilities of diabetes management. In particular, adolescents

Dexcom G6 Guardian 3 FreeStyle Libre 2
(Dexcom) (Medtronic) (Abbott)
System type (rtCGM or isCGM) ntCGM ntCGM isCGM
Minimum age for approved use in 2 2% 4
children, years
Need for sensor replacement Every 10 days Every 7 days Every 14 days

Need for transmitter replacement Every 3 months

Yearly, rechargeable Every 14 dayst

Transmitter and sensor size

1.68 X 0.86 X 0.33 inches

1.41 X 1.13 X 0.38 inches 1.38 inches diameter X

0.2 inches height

Need for calibration No Yes (twice daily) No

Approval for nonadjunctive dosing Yes No Yes

Warm-up time, hours 2 2 1

MARD, %% 9.0 8.7-10.6§ 9.3

Alert capability Yes Yes Yes||

Integration with insulin pump Yes (Tandem tslim X2) Yes (Medtronic MiniMed 670G No
and 630G)

Data-receiving app Dexcom G6 Mobile App

Guardian Connect Not availableq

Data-sharing/remote-monitoring app

Dexcom Follow (up to 10 people)

CareLink Connect (up to 4 people)# Not available

Health care provider portal Dexcom Clarity

CareLink Not available

Interfering medications
maximum adult dose

Hydroxyurea, acetaminophen if above

Acetaminophen, vitamin C
injection

High-dose vitamin C, aspirin

Water resistance 8 feet for up to 24 hours

12 feet for up to 24 hours 3 feet for up to 30 minutes

Data correct as of 30 November 2020. *Approved for ages =2 years when used with the MiniMed 770G system, =7 years of age when used with the
MiniMed 670G system, and =14 years of age when used with the MiniMed 630G. tSensor and transmitter are integrated as one unit. tMARD (mean absolute
relative difference) is the average of the absolute differences between reference blood glucose measurements and glucose measurements obtained by CGM. The
lower the MARD, the more accurate the system. §Varies based on age, sensor location, and number of calibrations. ||Necessary to scan to see actual glucose
value and trend. 9FreeStyle Libre 2 app is currently under regulatory review per manufacturer website. #Cannot remotely monitor if integrated with pump.
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Useful CGM-derived glucose metrics in youth with type 1 diabetes.

are susceptible to a puberty-associated increase in insulin
resistance (16), large appetites, poor food choices, and
psychosocial factors such as diabetes burnout, family
conflict, peer interactions, and body image issues that can
have significant implications on glycemic control.

Despite only being a surrogate marker of average blood
glucose over the preceding 3 months, AIC continues to be
the most widely used indicator of glycemic management
and predictor of long-term microvascular complications
(17-19). However, there is accumulating evidence that brings
to light several limitations of using AIC as an isolated
measure of glycemia, including nonglycemic factors that
influence glycosylation of hemoglobin such as race or
ethnicity (20), hemoglobinopathies (21), blood transfusions
(22), and conditions that affect the red blood cell life span or
turnover (e.g., anemia, lead poisoning, and asplenia/
splenomegaly) (23). Significant hyperglycemia, hypoglyce-
mia, and glycemic variability can occur even when AIC is
within the target range (24).

Self-monitoring of blood glucose via fingerstick checks of
capillary blood provides a snapshot of a child’s glycemic
status but does not offer comprehensive insight into time
spent in the different glucose ranges or the magnitude of
glucose variability (25). CGM-derived glucose metrics
provide a more complete profile of glycemic patterns, in-
cluding the frequency, duration, timing, and severity of
episodes of hypoglycemia and hyperglycemia. This infor-
mation can help patients, families, and the health care team
identify individual factors such as variations in diet, ex-
ercise, stress, and the timing of insulin administration that
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may influence glycemic excursions. This ability is of par-
ticular relevance in growing children, given the potential
adverse effects of recurrent and severe hypoglycemia
(26,27), chronic hyperglycemia, and glucose variability
(26,27) on the developing brain. Thus, to optimize neuro-
cognitive development, it is imperative to maximize TIR in
growing children and limit exposure to hypoglycemia and
hyperglycemia while minimizing glucose variability.

Regular and consistent CGM use is a prerequisite to ac-
curately interpret glucose metrics derived from CGM data,
particularly in children and adolescents, who are prone to
wide glucose fluctuations (28,29). Additionally, consistent
sensor usage correlates with greater improvements in AIC
(5). Thus, it is essential to identify barriers to regular CGM
use and design measures to address them.

We detailed potential barriers to using CGM in Figure 2.
Physical barriers such as poor adhesion and skin irritation
are common (30,31). Wearability issues may be particularly
concerning in young children, who have limited skin space
for device insertion and may not notice if the device de-
taches. Some patients may prefer not to have a device at-
tached to them (32); this is a common issue in teens and
young adults who have body image concerns or do not want
their peers to know they have diabetes. Moreover, some
patients may be fearful of CGM alerts interrupting school,
extracurricular activities, and social gatherings. Remote
monitoring of CGM data, despite providing an extra layer of
safety, may lead to constant parental tracking and inter-
vention and increase the likelihood of diabetes-related
conflict. Baseline psychological factors such as depressive
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Device & Technology

Need for calibration
Size or appearance of device
Data security concerns

¢ Pooradhesion .
¢ Skinreactions .
e Painfulinsertion ¢
* Sensor accuracy

Socioeconomic

* High cost * Low health literacy
* Racial disparities + Limited numeracy
* Limited insurance coverage

Potential barriers to optimal CGM utilization in youth.

symptoms and higher diabetes burden may predict less
frequent CGM use in youth (33). Also, the constant stream of
data and frequent alarms may become overwhelming for
some patients and their families, contributing to anxiety,
sleep disruption, and diabetes distress. Diabetes-related
psychosocial stressors are already high in parents of
young children with type 1 diabetes (34,35), and they may
need additional resources and training.

To optimize diabetes treatment regimens and clinical
outcomes for youth with diabetes, health care providers
(HCPs) need to be skilled at interpreting CGM data. In this
section, we provide a practical clinical approach to ana-
lyzing CGM data (Figure 3).

1. Confirm the duration of active CGM use. Do the data
provide the full picture?

Accurate assessment of CGM data requires a minimum of
2 weeks, but ideally 4 weeks, with the CGM sensor being worn
for >70% of the time (29,36). Studies show that CGM
use >70% of the time over the most recent 14 days strongly
correlates with 3 months of mean glucose, TIR, and hy-
perglycemia metrics but has a weaker correlation with
glycemic variability and hypoglycemia metrics (28,29,36).
Children with wide-ranging glycemic trends, frequent
hypoglycemia, or inadequate glycemic control require
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via remote data monitoring
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¢ Parental anxiety
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¢ Limited time for clinicians to review large

data sets
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diabetes educators

* Suboptimal interpretation of CGM metrics
* Limited pediatric data on long-term

implications of CGM glycemic metrics

extended CGM data periods, up to 4 weeks, for more ac-
curate interpretation (29). This is an important consider-
ation when reviewing the data of preschool-age children,
who are prone to wide glycemic variability, or adolescents,
who are prone to poor glycemic control (7,29).

With isCGM devices, a full 24-hour data profile is captured
only if the sensor is scanned at least every 8 hours (37).
Evidence on the accuracy of isCGM data compared with
rtCGM is subject to variable confounders that make reliable
clinical comparisons challenging (37). Recent evidence in
the pediatric population suggests better accuracy of 2 weeks
of data using rtCGM and recommended the use of 4 weeks
of data when interpreting isCGM data (29).

2. Review informative and actionable CGM-derived
glucose metrics

The most recent international consensus on TIR recom-
mends using times in which glucose values are within
particular ranges as a metric of glycemic control (28). As
described above, the three key metrics in clinical practice
are TIR, TBR, and TAR. Each metric can be expressed as a
percentage of CGM readings or as an average number of
hours and minutes spent in each range per day. These
metrics are appropriate and useful to inform and guide
diabetes treatment decisions, as discussed below (28).
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Practical approach to interpreting TIR metrics in youth with type 1 diabetes.

The preferred metric for assessing glycemic variability is
%CV, with a therapeutic goal of =36 and >36% con-
sidered suboptimal (28). The %CV metric may be useful in
predicting hypoglycemia risk, as a higher %CV is strongly
associated with more time in the hypoglycemia range in
children (7), whereas a %CV <25% poses an extremely low
risk of severe hypoglycemia (38).

The glucose management indicator (GMI) is calculated
from average CGM-derived glucose values and provides an
estimate of AIC (17,28). However, it is important to un-
derstand the potential discordance between GMI and
laboratory-derived AIC levels caused by the effect of var-
iability in the life span of red blood cells and other factors.
An individual’s GMI can either overestimate, underesti-
mate, or match A1C. This difference between GMI and A1C
for an individual is relatively stable over time, allowing
personalized interpretation of GMI. For example, if a child
has a higher GMI than A1C, then GMI will usually continue
to be higher than AIC on repeated comparisons over time,
and vice versa (17). Table 2 provides estimate correlations of
A1C with TIR (28,39,40). Laboratory-derived A1C (using an
NGSP-certified method that is standardized to the Diabetes
Control and Complications Trial assay) remains the pri-
mary measure guiding the risk of developing long-term
diabetes micro- and macrovascular complications until
more robust evidence becomes available connecting GMI
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and other CGM-derived glucose metrics to risks of diabetes
complications (17-19).

3. Personalize CGM-derived glucose metric goals

It is necessary to individualize goals to facilitate both ef-
fective and safe glucose control. The overall goal in clinical
practice is to increase TIR and reduce TBR while mini-
mizing glycemic variability (28,41). A general approach is to
prioritize hypoglycemia metrics first to reduce severe hy-
poglycemia risk, then address hyperglycemic metrics to
improve TIR, and finally minimize glycemic variability (41).
Metric goals in the pediatric population are extrapolated
from the adult literature (28), as shown in Figure 4.

The International Consensus Report for TIR recommends
ideal targets for times in the various glycemic ranges based
on correlations with an A1C goal =7% in adults (28). In
children, adult targets can be used as a guide as long as they
align with the ADA recommendation to aim for the lowest
achievable AIC (<7 or <6.5%) without exposure to sig-
nificant hypoglycemia or negative impact on well-being or
burden of care (Figure 4). These targets should be indi-
vidualized for each patient and reassessed over time to
optimize effectiveness while reducing risks (1,28).

Children with hypoglycemia unawareness and those who
have a history of severe hypoglycemia are vulnerable to
elevated risks of hypoglycemia (1,6). For these children, the
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TIR (70-180 mg/dL)

Percentage of CGM Readings Time per Day A1C, % (39) A1C, % (40)
20 4 hours, 48 minutes 9.4 10.6
30 7 hours, 12 minutes 8.9 9.8
40 9 hours, 36 minutes 8.4 9.0
50 12 hours 7.9 8.3
60 14 hours, 24 minutes 74 7.5
70 16 hours, 48 minutes 7.0 6.7
80 19 hours, 12 minutes 6.5 59
90 21 hours, 36 minutes 6.0 5.1

Adapted from ref. 28.

ADA suggests considering a higher A1C goal (7.5-8%),
which equates to TIR of 50-60% (1,28). We extrapolated this
target TIR based on the consensus report for the elderly
and high-risk population (28), emphasizing reducing hy-
poglycemia before optimizing TIR.

Limited evidence in pediatrics suggests that using a more
stringent glycemic variability target than the adult target
of <36%CV could decrease hypoglycemic risk in children
(7). Therefore, diabetes management strategies to lower
%CV may also reduce the risk of hypoglycemia in children.

4. Discuss an achievable, stepwise action plan with
personalized shared decisions

For a more prominent clinical impact in interpreting CGM
data, we recommend focusing on small, achievable steps
that are personalized to meet each patient’s or family’s
needs and capabilities.

Setting small, achievable goals can enhance coping with
diabetes and motivate successful changes in diabetes care
behaviors (28,42,43). A shared decision-making approach
in setting realistic goals with the patient and family
can empower them to make continuous changes in
daily life and maximize CGM benefits (43). Moreover, it is
useful to communicate goals with families by using prac-
tical and meaningful CGM metrics (28). For example,
discussing strategies to reduce hypoglycemia at night
may be more meaningful to families than setting a goal
of <1% TBR.
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Providers can encourage families to take incremental steps
and emphasize that even small changes can yield clinically
significant glycemic benefits. For example, a 5% increase in
TIR equates to an additional 1 hour, 12 minutes of glucose
being within target each day. Studies show that an im-
provement in TIR of 10% could reduce AiC by 0.5-0.8%

(28,39,40).

The following sections discuss factors that can facilitate or
hinder optimal glycemic control in an ambulatory clinical
setting. HCPs may consider these factors when individu-
alizing care for their pediatric patients and counseling
families.

Recent advanced technologies such as sensor-augmented
pump (SAP) therapy or hybrid closed-loop (HCL) insulin
delivery systems may facilitate improvement in TIR. A
recent large study compared TIR in children using SAP
therapy with rtCGM to those treated with multiple daily
insulin injections with rtCGM in the real world and noted a
higher TIR in the SAP group (61 vs. 56%) (44). It also
highlighted an association of rtCGM with better glycemic
metrics than isCGM regardless of insulin delivery method,
including higher TIR, lower TBR, and reduced %CV (44).
Randomized controlled trials in children suggest that HCL
systems have superiority in achieving better TIR (45-47), up
to 67 * 10% compared with 51 * 13% with SAP therapy (45).
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Youth With T1D High-Risk Population With T1D*
Range % Reading Time per Day % Reading Time per Day
>250mg/dL | I~ <5% <1 h, 12 min - o .
NI — A <10% () <2 h, 24 min
>180 mg/dL <25% <6h B
<50% <12 h
70-180 .
TIR ma/dL >75% >16 h, 48 min
>50% >12 h
car | <70 mo/dL - <4% <1h <1% <15 min
>54 mg/dL | "— <1% <15 min - -

Targets of CGM-derived glucose metrics in youth with type 1 diabetes. *Children with hypoglycemia unawareness and
history or severe hypoglycemia. h, hour(s); min, minutes; T1D, type 1 diabetes.

It is essential to empower families to adopt a dynamic
approach to diabetes, through which they are encouraged
and counseled about making real-time decisions based on
CGM data. HCPs can inform families about the benefits of
interacting with CGM data to take a proactive role in
improving glycemic control. Dynamic diabetes manage-
ment necessitates awareness of all of the variables affecting
glucose trends and incorporating CGM trend arrows to
make informed decisions. Figure 5 enumerates practical
tips to guide families in dynamic CGM utilization (42,48,49).
Based on rates of glucose change on Dexcom sensors, the
30-60—90 Rule allows users to incorporate glucose trend
arrows (rising or falling) in anticipation of the predicted
change in glucose 30 minutes in the future. Users can add
30, 60, or 90 mg/dL to the current glucose value for a di-
agonal arrow up, single arrow up, or double arrow up,
respectively, or subtract 30, 60, or 9o mg/dL from the
current glucose value for a diagonal arrow down, a single
arrow down, or a double arrow down, respectively. For
example, if the sensor glucose is 250 mg/dL with a single
arrow up, the patient would use 310 mg/dL when calculating
the correction insulin dose; by contrast, if the sensor glu-
cose is 250 mg/dL with a single arrow down, the patient
would use 190 mg/dL when calculating the correction dose.

VOLUME 34, NUMBER 2, SPRING 2021

The language used by HCPs can be a powerful tool to
motivate patients and foster positive patient-provider re-
lationships. Language should focus on strength, respect,
and imparting hope. HCPs need to embrace a personalized
approach and be mindful of conveying empathy and un-
derstanding in their communication of CGM data and
glycemic targets (43,50).

CGM systems can alert patients and families to actual
or impending hypoglycemia, hyperglycemia, or rapidly
changing trends. Although this feature helps make real-
time decisions to improve glycemic control, it may become
a psychosocial burden (31,51). In our clinical practice, we
encourage families to input individualized alert settings
such that the system provides actionable alarms that are
continuously revisited and adjusted in consideration of
the patient’s glycemic control, age, and hypoglycemia
awareness and the impact of alerts and alarms on daily
life. Families are encouraged to set realistic alerts to avoid
alarm fatigue, a common factor in CGM discontinua-
tion (31,52).
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@ Utilize CGM Trend Arrows (30-60-90 Rule)*

@ Adopt Dynamic Management

Rising Projection

1. Continuously use CGM data to understand which foods

)

Glucose Slowly Rising
(30-60 mg/dL) in 30 min

Glucose Rising
(60-90 mg/dL) in 30 min

Extra rapid-acting insulin
Adjust bolus up
(Current glucose + 30 mg/dL)

Extra rapid-acting insulin
Adjust bolus up
(Current glucose + 60 mg/dL)

Adjust bolus up

Glucose Rising Rapidly
(>90 mg/dL) in 30 min

Extra rapid-acting insulin

(Current glucose + 90 mg/dL)

keeps BG in range, and which are a challenge. Then, make
course corrections to refine the insulin plan.

2. Beware of “hypoglycemia binge” - overeating to correct a
low. Avoid “insulin stacking” - overreacting to highs by
giving insulin corrections at close intervals.

3. Be mindful of the lag time (5-15 min) of CGM’s interstitial
glucose level compared to capillary BG level.

4. Beware of “carb stacking” - continuous snacking resulting

Constant Projection

in persistent hyperglycemia. Adopt routine meal patterns.

Glucose is steady

No change

) * If BG in 200s mg/dL = bolus 20 min premeal

Beware of BG spikes from sugary drinks.

6. Adopt premeal insulin bolusing (Rule of 10s).
* If BG in 100s mg/dL > bolus 10 min premeal

Falling Projection

* If BG 2300s mg/dL = bolus 30 min premeal

Glucose Slowly Rising
(30-60 mg/dL) in 30 min

Glucose Rising
(60-90 mg/dL) in 30 min

Less rapid-acting insulin
Adjust bolus down
(Current glucose - 30 mg/dL)

Less rapid-acting insulin
Adjust bolus down
(Current glucose - 60 mg/dL)

Adjust bolus down

Glucose Falling Rapidly
(>90 mg/dL) in 30 min

Less rapid-acting insulin

(Current glucose - 90 mg/dL)

@ Set Realistic Alert Settings

Triple A Alert Rules

Individualized alerts should:
- Be Actionable
- Avoid alert fatigue
- Be Adjustable

Practical tips to guide families in CGM use. *To determine the rapid-acting insulin dose, adjust the current glucose level by
adding or subtracting 30, 60, or 90 mg/dL depending on glucose arrow tends. BG, blood glucose; carb, carbohydrate; min, minutes.

HCPs are encouraged to discuss expectations of CGM use
with their patient families. Although CGM has many
psychological benefits in improving quality of life and
decreasing fear of hypoglycemia, some families may be-
come overwhelmed by the abundance of glucose data and
feel stress about real-time glycemic excursions. HCPs need
to be attentive to families’ problem-solving abilities, anxiety
levels, and comfort with technology to enable a positive
CGM experience (31,51). In the SENCE (Strategies to En-
hance New CGM Use in Early Childhood) study, family-
based interventions addressing potential behavioral
barriers to CGM use in young children and teaching
parents skills to navigate these challenges improved the
consistency of CGM use, psychological outcomes, and
technology satisfaction (53).

Despite the increase in the use of diabetes technologies
among youth with type 1 diabetes, data from national and
international diabetes registries raise concerns about
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inequities in device uptake based on socioeconomic
status and race/ethnicity. Youth with type 1 diabetes from
lower—socioeconomic status households may be at a sys-
tematic disadvantage, hindering their adoption of diabetes
technologies and potentially widening existing disparities
in diabetes outcomes (54). We may expect CGM usage rates
to increase in coming years with continued advancements
in device design and accuracy; potentially expanding in-
surance coverage, including public insurance; and im-
proving patient and HCP experiences with enhanced ease
of Cloud-based data uploading platforms and integration of
CGM with insulin delivery devices.

CGM and the comprehensive glucose metrics it provides
have emerged as tools that can help better understand
glucose patterns and develop personalized, specific goals
for youth living with diabetes. However, affordability and
access to technologies continue to be significant limiting
factors. Decreasing the cost of devices, expanding insur-
ance coverage, and addressing health care disparities is
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crucial for widening CGM uptake. Current evidence on
optimal targets for CGM-derived glucose metrics and their
impact on long-term complications and patient-reported
outcomes in the pediatric population are promising but
limited. Further research in this area and the inclusion of
TIR and other CGM-derived metrics as outcome measures
in clinical trials are essential to bridge the knowledge gap.
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